Co-cultivation of the fungal strains Penicillium sp. Ma(M3)V and Trichoderma sp. Gc(M2)1 in malt 2% medium led to the production of two novel, unusual polyketides, (Z)-2-ethylhex-2-enedioic acid and (E)-4-oxo-2-propylideneoct-7-enoic acid. Analysis of spectroscopic data enabled the structure determination of both compounds.
Our interest to develop strategies aimed at finding marine-derived fungal strains capable of producing new bioactive metabolites include multi-screening approaches [14] and growth media selection [15] , as well as optimization of growth and secondary metabolites production [16] . Considering the still underexplored potential of microbial co-cultures for the production of novel bioactive secondary metabolites [1] , we decided to evaluate both bacterial versus fungal and fungal versus fungal growth experiments in order to obtain culture media presenting new secondary metabolites, to be screened by HPLC-UV-MS analyses.
A total of 50 fungal strains and 5 bacterial strains were co-cultivated in 250 growth experiments, along with cultures of the pure 50 fungal strains as control. Media extraction and HPLC-UV-MS analysis of the co-culture crude extracts indicated eight which presented changes in their chemical profile when compared with the corresponding single microbial cultures. However, most of them gave, after fractionation and purification, only known compounds (results not shown). The co-culture experiment of strains Penicillium sp. Ma(M3)V and Trichoderma sp. Gc(M2)1 yielded a complex extract that presented peaks with unreported UV absorptions and mass spectra ( Figure 1 ). Fractionation of the crude extract by HPLC led to the isolation of two new polyketides, 1 and 2 ( Figure 2 13 C NMR and HSQC spectra showed two carbonyl groups at  173.8 (C-6) and  168.8 (C-1), one trisubstituted double bond at  138.8 (C-3) and 133.0 (C-2), four methylene groups at  33.4 (C-5), 24.6 (C-4), 36.0 (C-1') and 21.5 (C-2'), as well as a methyl group at  13.2 (C-3'). Analysis of the COSY and HMBC spectra indicated a n-propyl chain attached to one side of the double bond and a -CH 2 CH 2 CO 2 H chain on the other side. A vicinal correlation of the vinylic hydrogen at  5.8 (t, 7.3 Hz) with the methylene at  2.55 (quartet, 7.3 Hz) indicated that the remaining carboxylic acid group at  168.8 was attached to the vinylic carbon at  133.0. This hypothesis was confirmed by analysis of the HMBC spectrum, which showed long-range correlations between the hydrogens at  5.80 and  2.13 with the carboxylic acid group at  168.8. The Z stereochemistry of the double bond was established by 1D-NOESY experiments. Irradiation of the methylene signal at  2.13 (H 2 -1') showed a nOe effect on the vinylic hydrogen at  5.80. The reciprocal irradiation experiment confirmed that the n-propyl chain was on the same side as the vinylic hydrogen. Therefore, the structure of 1 was defined as (Z)-2-ethylhex-2-enedioic acid.
Compound 2 was also isolated as a white powder. Its ESI mass spectrum in positive detection displayed a [M+Na] + ion at m/z 219.989 and a [M+K] + ion at m/z 235.0718, corresponding to the molecular formula C 11 H 16 O 3 , with 4 degrees of unsaturation. Analysis of the 13 C NMR and HSQC spectra indicated the presence of two carbonyl groups at  206.4 (C-4) and 168.1 (C-1), four double-bond carbons at  145.5 (C-1'), 137.4 (C-7),  126.2 (C-2) and  114.9 (C-8), four methylene groups at  40.4 (C-5), 40.1 (C-3), 27.2 (C-6) and 21.6 (C-2'), as well as a methyl group at  12.9 (C-3'). The COSY spectrum showed the presence of three separate spin systems: an ethyl group connected to a trisubstituted double bond, which includes the methyl at  0.96 (t, 7.5 Hz), the methylene at  2.09 (quintuplet, 7.5 Hz) and a vinylic hydrogen at  6.79 (t, 7.5 Hz); an isolated methylene group at chain including the methylenes at  2.51 (m) and  2.21 (broad quartet, 6.5 Hz), the methine at  5.79 (ddt, 17.2, 9.5 and 6.5 Hz) and the methylidene hydrogens at  5.01 (dq, 17.2 and 1.9 Hz) and  4.94 (dq, 9.5 and 1.9 Hz).
Analysis of the HMBC spectrum showed long range correlations between the keto carbonyl group at  206.4 and the methylenes at  3.37, 2.51 and 2.21, establishing its position between the butyl-1ene chain and the isolated methylene group. Long range correlations observed between the carboxylic acid group at  168.1 and the vinylic methine at  6.79 and the methylene at  2.09 placed the acid group at the same vinylic carbon substituted by the ketoene chain. The stereochemistry of the conjugated double bond was defined by analysis of the 1D-NOESY spectrum as E. Irradiation of the methylene singlet at  3.37 led to observation of a nOe with the methylene H-2' at  2.09 and with the methylene H-5 at  2.51. Therefore, compound 2 was identified as (E)-4-oxo-2propylideneoct-7-enoic acid.
To the best of our knowledge, polyketides 1 and 2 are unprecedented. A common feature of both polyketides is the position of the conjugated carboxylic acid group. In compound 1, this carboxylic acid group can be biogenetically derived from a methyl group of an acetate precursor, but less probably from a methionine precursor. In compound 2, the same carboxylic acid group can be derived from either C-1 of an acetate or C-2 of a propionate, depending on the precursor of the ethyl group attached to the double bond.
It is worth noting that a minority of the secondary metabolites reported as produced by co-culture, or mixed fermentation, experiments contain truly novel carbon skeletons [1] . Polyketides 1 and 2 belong to this selected class of metabolites. Our results corroborate the power of microbial co-cultures, a yet underexplored approach to obtaining novel secondary metabolites.
Experimental
General: General experimental procedures are the same as previously reported [16] .
Fungal strains identification:
Fungal isolates were identified by conventional and molecular approaches. Fungal macromorphology was examined by colony observation with a stereomicroscope (Leica MZ6, Wetzlar, Germany) and micromorphology analysis using a light microscope (Leica DM LS, Wetzlar, Germany) by wet mounts stained with Cotton Blue. Molecular identification was carried out by sequencing the 28S rDNA (D1/D2 region) and/or ITS1-5.8S-ITS2 rDNA regions coupled with phylogenetic analyses, as described in [17] . Identification sequences for each fungal strain can be requested from Dr Lara Sette (larasette@rc.unesp.br).
Biological samples: marine-derived fungi Penicillium sp. Ma(M3)V and Trichoderma sp. Gc(M2)1
The fungal strain Penicillium sp. Ma(M3)V was isolated from the marine sponge Mycale angulosa. The fungal strain Trichoderma sp. Gc(M2)1 was isolated from the marine sponge Geodia corticostylifera. The isolation procedure used for the fungal strains was previously reported [15] .
Fermentation and co-culture experiment:
The growth medium (pH 8.0) was prepared using 2% malt (2%M: malt extract 20 g; ASW 1 L). The fungal strains were first grown in Petri dishes. Then, 2 mm surface circles (plugs) of mycelia of each fungus were taken using sterilized Pasteur pipettes. The co-culture fermentation started by inoculation of 8 plugs of each fungus grown in Petri dishes in 8 500 mL Schotts flasks containing 250 mL of 2% malt medium each. The Polyketides from mixed fermentation of two marine-derived fungal strains Natural Product Communications Vol. 8 (6) 2013 723 2 fungal strains were inoculated simultaneously, in the same flasks. The co-cultures were cultivated at 25°C with shaking at 100 rpm during 12 days. Single cultures of each fungus were also cultured as controls for comparison by HPLC.
Extraction:
At the end of the fermentation period, 200 mL of EtOAc was added to each Schott flask and the mixture mycelia+growth medium+EtOAc was shaken at 100 rpm during 24 h. The mixture was filtered through a Celite bed under vacuum. The organic fraction was separated by liquid-liquid partitioning. The AcOEt extract was dried in vacuo to give 734 mg of crude material from 2 L of co-culture.
Isolation of polyketides 1 and 2:
The crude extract was fractionated by CC on a cyanopropyl-bonded silica-gel pre-packed column (2 g, Waters ® ), eluted with 100% CH 2 Cl 2 , 100% AcOEt and 100% MeOH. The fractions were separately evaporated to dryness. The media of both fungal single cultures were processed identically. All organic fractions were analyzed by HPLC-UV-MS to identify changes of secondary metabolite production. Then, the CH 2 Cl 2 fraction of the co-culture experiment was selected for fractionation by HPLC. This was subjected to separation on a C 18 reversed-phase Inertsil ® column (4.6 × 250 mm, 5 μm), using a gradient of 1:1 MeCN/MeOH in H 2 O+0.1% formic acid at 1 mL/min, starting at 40% and ending at 100% organic eluent after 40 min, with UV detection at 254 nm. The polyketides 1 (t R = 13.150 min, 2.6 mg) and 2 (t R = 16.766 min, 4.9 mg) were purified by HPLC on a C 18 reversed-phase X-Terra ® column (4.6 × 250 mm, 5 μm), eluted with H 2 O+0.1% formic acid/MeCN/MeOH (55:23:22), at 1 mL/min and UV detection at 254 nm. Supplementary data: 1 H, 13 C, HSQC, COSY and HMBC NMR spectra, as well as HRESI mass measurements of both compounds 1 and 2.
